Plants that contain high amounts of polyphenolic compounds are potential candidates for natural antioxidant sources. Studies are on going in the search for new sources of antioxidants. Not much data are available on the antioxidant capacity of tropical herbs. With this in mind, 19 commonly consumed Malaysian herbs were analyzed for their polyphenolic content and antioxidant activities. A majority of these plants have never been studied before with regards to their polyphenolic content and antioxidant activities. The shoots of Anacardium occidentale, the shoots and fruits of Barringtonia racemosa, Pithecellobium jiringa and Parkia speciosa had high polyphenolic contents (> 150 μg gallic acid equivalents/mg dried plant) and antioxidant activities when measured using the ferric reducing antioxidant power (FRAP) (>1.2 mM) and Trolox equivalent antioxidant capacity (TEAC) assays (>2.4 mM). A strong correlation was observed between the two antioxidant assays (FRAP vs TEAC) implying that the plants could both scavenge free radicals and reduce oxidants. There was also a strong correlation between the antioxidant activities and polyphenolic content suggesting the observed antioxidant activities were contributed mainly by the polyphenolics in the plants.
Long term accumulation of oxidative damage as a result of free radical attack has been implicated in aging and a number of diseases, heart disease and cancer being the more common [1] . The body has its own defense mechanisms to combat damage from oxidation in the form of antioxidant enzymes and antioxidants. The latter can either be naturally synthesized by the body or obtained from food sources. Since optimal amounts of antioxidants can help protect the body from oxidative damage, various studies have been undertaken to search for potent sources of antioxidants, particularly from plants, as these are a cheaper, less toxic and well tolerated source when compared with chemically synthesized antioxidants.
In addition to the well-known antioxidant vitamins A, E and C, polyphenolic compounds have also gained popularity as potent antioxidants [2, 3] . Polyphenolic compounds are secondary plant metabolites ubiquitously found in plants and have been reported to provide protection against oxidative-damage related diseases, particularly heart disease and cancer [4] [5] [6] [7] . Furthermore, various epidemiology studies have reported the beneficial effect of consuming flavonoidrich food on cardiovascular disease [8] [9] [10] .
Malaysia is rich with its natural products and many of these plants are less well researched, hence, there is great potential for discovering antioxidant-rich plants. It is a custom among the ethnic group of Malay to consume fresh herbs as accompaniments to their main meal. However, not much data are available regarding the antioxidant properties of these plants. Since there is potential in the discovery of plants with high antioxidant activities, it was the objective of this study to analyze the polyphenolic content and antioxidant activities of 19 commonly consumed Malaysian herbs.
Polyphenolic content was measured using the Folin-Ciocalteau assay, whereas antioxidant activities were determined by measuring the ability of antioxidants in the plant extracts to reduce ferric ions and scavenge 2,2'-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS + ·) radicals.
Assay of total polyphenolic content in the Malaysian plants demonstrated a wide range of values (Table I) . Anacardium occidentale contained the highest polyphenolic content at 377.4 ± 4.7 μg GAE/mg dried plant, whereas Centella asiatica contained the lowest amount at 29.7 ± 4.6 μg GAE/mg dried plant. Overall, the polyphenolic content of the plants can be classified into those that had high (>200 μg GAE/mg dried plant), medium (100-200 μg GAE/mg dried plant) and low polyphenolic contents (<100 μg GAE/mg dried plant). A majority of the plants analyzed could be classified as medium and high polyphenolic plants. Comparisons of our plants with those in other studies showed the former to contain higher levels of polyphenolics than rosemary extract [11] and fennel seed extracts [12] . Our plants also had higher polyphenolic contents than several traditional Chinese medicinal plants [13] .
Numerous studies have reported the benefits of polyphenolic compounds to humans, including maintenance of capillary wall integrity and capillary resistance, as well as anti-inflammatory and antiallergic properties, and their most widespread role as antioxidants [14, 15] . As polyphenolics are abundant in plants and act as potent antioxidants, measuring their content in plants in concert with antioxidant activities provides useful information on the potential of these plants as effective antioxidants.
The ferric reducing values of the plant extracts tested in this study ranged from 0.05-1.49 mM (Table I ). The shoots of Barringtonia racemosa exhibited the highest ferric reducing activity, and Curcuma aeruginosa the lowest. Pithecellobium jiringa, Parkia speciosa, the fruits of Barringtonia racemosa and the fruits of Pithecellobium bubalinum also showed relatively high ferric reducing activities, above 1.0 mM. A. occidentale, which had the highest polyphenolic content, had lower ferric reducing activity than the shoots of B. racemosa. In contrast, the fruits of B. racemosa and P. bubalinum, which were classified as medium polyphenolic containing plants, had considerable ferric reducing activities at 1.22 ± 0.07 and 1.06 ± 0.08 mM, respectively. Generally, plants that were classified as high polyphenolic containing also demonstrated high ferric reducing activity ( Table 1) . The same was also observed for plants with medium and low polyphenolic contents whereby their ferric reducing activity was in the medium and low range, respectively.
Barringtonia racemosa is commonly found in tropical rainforest areas and its young leaves are normally eaten as a vegetable. In Malaysia, the leaves are traditionally used to treat high blood pressure and as a depurative. In addition, pounded leaves are said to treat chicken pox. Data regarding the antioxidant activities and polyphenolic content of this plant are not available. Interestingly, the fruit of this plant also contained significant ferric reducing activity (1.219 ± 0.075 mM), implying both parts of the plants can be good sources of antioxidants.
The FRAP values of our plants were higher than those of several Chinese medicinal plants [16] . Although the FRAP values of our plants did not match those of quercetin and rutin, several had activities similar to or higher than those of other polyphenolics, including kaempferol (1.95 mM), ferulic acid (1.33 mM), and naringenin (0.44 mM), and non-polyphenolics like ascorbic acid (2.26 mM) [17] . ABTS + · is a synthetic radical and the assay provides a means of determining the ability of antioxidants in plants to act as radical scavengers. Free radicals are continuously produced in the human body as a result of either normal physiological reactions in the body or due to external exposure to radical-producing agents. One way antioxidants can neutralize the radicals is by scavenging them by way of electron or hydrogen donation. Values for the extracts ranged from 0.06-5.98 mM. The shoots of B. racemosa had the highest ABTS + · radical scavenging activity, whereas C. asiatica had the lowest. P. jiringa, P. speciosa, A. occidentale and the fruits of B. racemosa had significantly high ABTS + · radical scavenging activities (> 2 mM). The fruits of B. racemosa, which had similar ferric reducing activity as its shoots, only showed half the ABTS + · radical scavenging activity of the shoots.
Similar to the ferric reducing analyses, extracts with high TEAC values seem to have high polyphenolic contents and these plants were classified as high polyphenolic containing plants. An exception was the extract of Boesenbergia rotunda, which showed a high TEAC value (1.14 ± 0.04 mM), despite having a low polyphenolic content and ferric reducing activity. This suggests that the ABTS + · radical scavenging activity of this plant may be due to the presence of nonpolyphenolic compounds.
Plants that were classified into the high polyphenolic group were shown to have a higher ABTS + · radical scavenging capacity when compared with plant oil extracts traditionally used in European herbal medicine, including cinnamon, bay and pimento [18] . Several of our plants also showed ABTS + · scavenging activity higher than pycnogenol (4.08 mM Trolox), a potent antioxidant [19] . This implies the potential use of these tropical plants in herbal medicine. A correlation study was performed to investigate the association between polyphenolic content of the plants and their antioxidant activities. There was a positive correlation between polyphenolic content and ferric reducing activity (R 2 = 0.7759) (Figure 1) , and a stronger positive correlation between polyphenolic content and ABTS + · radical scavenging capacity (R 2 = 0.8838) (Figure 2 ), suggesting the antioxidant activities observed in these assays were mainly contributed by the polyphenolic content of the plants. These findings were in accordance with several other studies [13, 16] which have reported similar correlations between polyphenolic content of plants and their respective antioxidant activities.
There was also a positive correlation between the two antioxidant assays (R 2 = 0.8088; Figure 3 ), which implies that antioxidants that were able to reduce ferric ions also acted as ABTS + · radical scavengers.
Polyphenolics, such as quercetin, anthocyanins and catechins, demonstrated potent ABTS + · radical scavenger activity [15] and, as they are ubiquitously found in plants, there is a probability that either these compounds or their derivatives may be present in our plant samples.
To the best of our knowledge, this is the first extensive report on the antioxidant and polyphenolic content of Malaysian herbs. These results demonstrate the ability of local herbs to act as a source of potent natural antioxidants, with several of the plants being more potent than the well known antioxidant-rich plants. It also proved that antioxidants, particularly polyphenolics, which are abundant in plants, have the potential to provide protection against oxidative damage.
Experimental
Chemicals: All reagents and chemicals used in the experiments were of analytical grade and obtained mostly from Sigma. Solvents used for extraction of plants were purchased from Fisher Scientific. The polyphenolic standards, gallic acid, quercetin and rutin were obtained from Sigma. Water used was of Millipore quality.
Preparation and extraction of plant extracts:
The plants were purchased from a local market and were immediately processed on the day of purchase. The plants were cleaned and air dried after which they were weighed and ground to a fine powder using an electric blender before being stored at -20°C.
Extraction of the dried plants was performed at room temperature over 24 h using methanol as the solvent, as previously described [20] . The extracts were evaporated to dryness in a rotary evaporator at 37°C and the residues were subsequently re-dissolved in methanol and kept at -20°C for the biological assays. 
Total polyphenolic analysis:
Polyphenolic content of the extracts was determined using the Folin-Ciocalteau assay [21] . Ten mL of diluted Folin-Ciocalteau reagent (1:10) was added to 200 μL of either extract or standard and, following a 5 min incubation period, 7 mL of Na 2 CO 3 (0.115 mg/mL) was added to the reaction. Absorbance of the reaction was read at 765 nm after a 2 h incubation period. Gallic acid was used as the standard and a calibration curve was prepared and analyzed as above. Results were expressed as mg gallic acid equivalents (GAE)/g dried plant material. All experiments were conducted in triplicate.
Ferric reducing activity (FRAP assay):
The assay developed by Benzie and Strain [22] was used. Solutions for the FRAP assay consisted of acetate buffer (300 mM, pH 3.6), TPTZ (2,4,6-tripyridyl-s-triazine) (10 mM) in HCl (40 mM) and FeCl 3 .6H 2 O (20 mM). The reagent for the assay was prepared as needed by mixing acetate buffer with the TPTZ solution and FeCl 3 .6H 2 O, in a ratio of 10:1:1.
The freshly prepared FRAP reagent was heated at 37°C for 5 min. After taking a blank reading of the reagent at 593 nm, the extract and water were added to the reagent in a ratio of 1:3:30.
Absorbance was recorded immediately upon addition of all solutions and again at 4 min. The change in absorbance in the 4 min time reaction was calculated. A standard curve was prepared using FeSO 4 and analyzed as above. The absorbance change of the extracts was compared with the standard curve and results were expressed as mM ferric reducing activity of the extracts per g of dried weight.
ABTS + · radical scavenging activity:
The ABTS + · (2,2'azinobis-3-ethylbenzothiazoline-6-sulphonic acid) radical scavenging activity of the plant extracts was determined based on the method developed by Re et al. [23] . ABTS + · was initially reacted with potassium persulfate in the dark for 12 h for the generation of the ABTS + · radicals, following which the absorbance of the reactant was adjusted to 0.700 ± 0.02 at 734 nm. For the assay, appropriately diluted extracts were added to the ABTS + · solution to give approximately 20-80% inhibition of the absorbance. Absorbance readings were taken at 734 nm 1 min and again at 20 min after addition of the extracts. Trolox was used as the standard and different concentrations were analyzed as above. The ABTS + · radical scavenging activity of the extracts was determined by relating their absorbance with the Trolox standard curve and results were expressed as mM Trolox equivalent antioxidant capacity (TEAC) per g dried plant sample. All determinations were performed in triplicate. 
